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Abstract— A dual-slot feeding technique is proposed for broadband multi-layer 
periodic Fabry-Perot cavity antennas achieving enhanced directivity as well as 
broadband radiation and matching performance. In order to demonstrate the feeding 
technique, two FPC antennas are presented formed by two- and three-layer periodic 
Partially Reflective Surfaces (PRSs) respectively placed in front of a ground plane. Two 
optimized microstrip-fed rectangular slots of different length etched on the ground 
plane are used to feed the multi-layer cavity antennas and significantly enhance the 
antenna bandwidth as well as the directivity performance. Measurements of a 
fabricated three-layer PRS antenna prototype are presented exhibiting 19 dBi gain with 
16% fractional bandwidth and validating the simulation results. 
 
Index Terms— Fabry-Perot cavity (FPC); Leaky-wave antennas; Partially reflective surfaces. 
 
1.  INTRODUCTION 
abry-Perot cavity antennas have been investigated extensively in the last few years [1-3]. 
They are formed by partially reflective surfaces (PRSs), either periodic metallo-dielectric 
arrays [1-3] or uniform dielectric layers [4, 5], placed in front of a low-directivity source (e.g. 
dipole) over a metallic ground plane, creating a resonant Fabry – Perot cavity (FPC). The 
directivity and gain of the primary source increase significantly due to the cavity resonance 
and the multiple reflections between the ground plane and the PRS. The antenna performance 
can be related to the reflection characteristics of the PRS array by employing a plane wave 
F 
model that can be used for an initial antenna design. However, this type of antennas has 
narrow operational bandwidth. Recently an FPC antenna based on a double layer PRS [6] has 
been proposed with enhanced bandwidth compared to a single layer PRS design. Furthermore 
in [7], bandwidth enhancement was achieved by using two dielectric superstrates. In [8], the 
possibility of using additional PRS layers in FPC antennas was presented, showing further 
enhancement of the radiation bandwidth. However, as the radiation bandwidth of FPC 
antennas increases, the input matching becomes more challenging. Various broadband 
matching feeding techniques have been proposed, such as coaxial fed patches [9, 10] and 
monopoles [6]. Nevertheless, these techniques are not scalable to mm-wave frequencies as 
the use of coaxial cables is not applicable. In addition, in the reported designs, the primary 
feeding is located within the first resonant cavity and in some cases in the middle of the 
cavity which affects the antenna’s performance.     
In this paper, we present a new dual-slot dual-resonant feeding technique for two- and 
three-layer-PRS broadband FPC antennas, achieving a broadband matching performance as 
well as increased directivity and gain. It must be emphasized that the proposed optimized 
feeding slots are of different length and they exhibit two significant enhancements in the 
antenna performance, namely broadband input matching and increase of the directivity. 
Moreover, as they are excited by a microstrip line, they are based on printed layer fabrication 
process and thus they are directly scalable to higher frequencies. Full wave periodic 
simulations are initially carried out using CST Microwave Studio
TM
 in order to optimize the 
antenna design.  Measurement results of a fabricated prototype are also presented. 
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Fig. 1.  Schematic diagram of the proposed antenna 
 (a) Cross section of the structure 
 (b) Front view of ground plane with slots of length sxi and width syi 
  (c) Back view of the ground plane (microstrip line). 
 
2. DESIGN OF DUAL-SLOT FEEDING TECHNIQUE 
The design of the proposed dual-slot feeding structure that is used in later sections in 
broadband FPC antennas is presented in this section. As already mentioned in the 
Introduction, we have chosen a microstrip fed slot antenna design which is easily scalable to 
higher frequencies. A microstrip line is printed on a 1.6mm thick dielectric substrate with an 
electric permittivity εr=2.2 and a tangent loss tanδ=0.009 (Fig. 1c). The ground plane is 
printed on the other side of the substrate and the feeding slot/s are etched off it. This structure 
is based on chemical etching printed circuit board fabrication process. In order to evaluate the 
operation frequency and bandwidth of the proposed feeding structure, the latter has been 
simulated.  
Initially an approximately half wavelength rectangular slot was etched on the ground plane 
located in the centre of the plane, above the microstrip line. The dimensions of the slot were 
selected such that a resonance would occur within the frequency range of interest and are 
presented in Table 1. In the same table the dimensions of the microstrip line are also 
included. The 11S  response for the single slot feeding is shown in Fig. 2. It can be observed 
that the 11S  is below -10dB from 13.8GHz to 15.2GHz corresponding to a fractional 
bandwidth of 10%, with a minimum occurring at 14.5GHz which is the central frequency of 
the multi-layer antenna.  
Subsequently, a second slot of different dimensions has been added as shown in Fig. 1(b), 
introducing an extra coupling which in turn is expected to cause a more broadband response. 
The dimensions (length sxi and width syi) and the distance between the slots are shown again 
in Table 1. The 11S  response for the dual slot feeding is also shown in Fig. 2. It is evident 
that indeed a more broadband (tripled) matching is achieved with the 11S  being below -10dB 
from 12.8GHz to 17GHz corresponding to about 30% fractional bandwidth. Two minima 
occur in this case, at 13GHz and 15.5GHz related to the dual resonance of the structure. It 
must be noted that the optimisation that led to the design presented here was also carried out 
with in the presence of the entire FPC antennas in order to ensure a successful operation of 
the final antenna prototypes. 
 
TABLE 1 
PARAMETER VALUES (MM) FOR FEEDING STRUCTURE  
Parameter (single slot) a w l sx sy 
Value 40 4.8 50.5 14.8 1 
Parameter (dual slot) a b w l sx1  sx2 sy1  sy2 
Value 37.6 42.5 4.8 50.5 18.5  8.2 1  1.5 
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Fig. 2.  Comparison of the 11S  between one and two microstrip fed slots as primary source.  
 
In order to further evaluate the advantages of the dual-slot feeding structure, an inspection 
of the near-field distribution is carried out. In Fig. 3, a cross section of the electric field for 
the single slot and the dual-slot is presented at 14GHz. It is evident that in the case of the two 
coupled slots a more uniform near field distribution is obtained than in the case of the single 
slot. This is effect is particularly advantageous in the case of the FPC antennas studied in the 
later sections, as it contributes to a significant enhancement of the overall antenna directivity.      
 
Fig. 3.  Cross section of the electric field distribution (YZ plane) for the ground plane with 
one (top) and two (bottom) slots. 
 3. ANTENNA DESIGN 
A. Double Layer Antenna 
Initially, a double layer PRS antenna is designed. Two periodic PRS layers are used, 
printed on a 1.6mm thick dielectric substrate (Taconic TLY–5) with relative permittivity of 
2.2. The layers are placed in front of a ground plane forming two air cavities of 
approximately half wavelength each. The complete structure is similar to the one presented in 
Fig. 1(a) with two PRS layers instead of three. Metallic square elements have been chosen for 
the proposed design. The periodicity is 11mm. The dimensions of the elements of the unit 
cells are d1=10mm, d2=6mm and the distances between the layers are h1=11.3mm, h2=11mm. 
Periodic boundary conditions have been employed in CST in order to optimize the 
dimensions following the design procedure reported in [6]. The overall lateral dimensions of 
the antenna are 8080 mm
2
, which correspond to about 4λ at 14.5GHz. A total of 55  array 
elements are printed on each dielectric layer. The antenna is fed by two rectangular sub-
wavelength slots on a ground plane. A 50Ω microstrip line is used to excite the slots, printed 
on a same thickness substrate. The two slots are etched on the ground plane which lies on the 
other side of the substrate (Fig. 1b, c) as explained in Section 2.  
The complete antenna structure was simulated in CST Microwave Studio. Both the single slot 
and the dual-slot feeding structures have been incorporated with the multi-layer antenna for 
comparison. The 11S  response for the single slot feeding is shown in Fig. 4(a). It can be seen 
that the 11S  is below -10dB from 13.6GHz to 15.2GHz. The 11S  response for the optimised 
dual-slot feeding is also presented in Fig. 4(a). With the proposed dual-slot technique, the 
11S  remains below -10dB within a much broader frequency range compared to the single-
slot feeding and covers the entire antenna operating bandwidth. Moreover from Fig. 4(b), it 
can be observed that the gain and directivity of the antenna are also improved with the dual-
slot feeding, achieving a maximum gain of around 18.7dBi at 14.5GHz, compared to 17.1dBi 
for the single slot case. Also, the difference between the directivity and gain is less in the case 
of the dual-slot feeding due to the improved matching performance. The -3dB gain bandwidth 
of the antenna is around 12.2%. 
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(b)                                                        
Fig. 4.  Comparison between one and two microstrip fed slots as primary source of the double 
layer PRS antenna in terms of  
(a) 11S  
(b) Realized Gain and Directivity. 
 
B. Three Layer Antenna 
Three optimised PRS layers are employed next, to achieve a more broadband antenna 
performance. The three periodic PRS layers are printed on similar dielectric substrates as in 
the double layer case. The layers are placed again in front of a ground plane forming three air 
cavities of approximately half wavelength each (Fig. 1a). The dimensions of the unit cells as 
well as the distances between the layers have been optimized through simulations in CST 
Microwave Studio and are shown in Table 2.  
The 11S  response for the case of a single slot feeding is shown in Fig. 5(a). It is evident 
that the achieved -10dB matching does not cover all the desired frequency range, causing a 
deterioration of the realized antenna gain (Fig. 5b). The introduction of the second slot yields 
a more broadband input matching that covers all the operational frequency range. From Fig. 
5(a) it can be seen that for this case the 11S  is below -10dB from 13.6GHz to 17.4GHz. 
Moreover from Fig. 3(b), it can be observed that there are very small discrepancies between 
the directivity and the gain in the case of the two slots, as expected. In comparison, for the 
single slot feeding the difference between the directivity and gain is increased, especially at 
higher frequencies with a maximum of about 2dB, due to the poor matching at frequencies 
higher than 15.1GHz. The complete dual-slot-fed antenna structure achieves a maximum gain 
of around 19dBi (Fig. 5b) with a -3 dB gain bandwidth of 16%. It is interesting to note that, 
as in the case of the double-layer PRS antenna, the dual-slot feeding not only improves the 
input matching but it also increases significantly the antenna directivity. 
In order to further investigate the directivity enhancement due to the dual-slot feeding 
mechanism, the electric near-field distribution for the three layer antenna with one and two 
feeding slots is shown in Fig. 6, providing a better insight of the dual-slot operation. For 
brevity, we present the YZ cross section of the field distribution only at 14GHz and 15GHz. 
It can be observed that the field distribution is significantly improved (i.e. becomes more 
uniform) with the proposed feeding technique compared to the single slot at both frequencies 
as expected from the investigation of the feeding structures. This explains the significant 
directivity enhancement of more than 3dBs at frequencies over 15GHz (Fig. 5b). 
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Fig. 5.  Comparison between one and two microstrip fed slots as primary source of the three 
layer PRS antenna in terms of:  
(a) 11S   
(b) Realized Gain and Directivity 
 
(a) (b)
(c) (d)
 
   
Fig. 6.  Cross section of the electric field distribution (YZ plane) for the three layer antenna  
(a) One slot at 14GHz 
(b) Two slots at 14GHz 
(c) One slot at 15GHz 
(d) Two slots at 15GHz. 
 
 TABLE 2 
PARAMETER VALUES (MM) FROM FIG. 1  
Parameter h1 h2 h3 d1 d2 d3 
Value 11.3 9.5 10 9.2 10 6 
 
4.  MEASUREMENTS 
A prototype of the proposed antenna has been fabricated and measured in a full anechoic 
chamber (Fig. 7). Plastic screws and spacers were used for the mounting of the antenna. The 
simulated and measured 11S  of the antenna is presented in Fig. 8(a). An 11S  below -10dB is 
achieved within the -3dB gain bandwidth of the antenna which is around 15%. The measured 
gain with a maximum value of 18.7dB is shown in Fig. 8(b) and agrees well with the 
simulation results. The small discrepancy between simulations and measurements is 
attributed to fabrication tolerances. Moreover the well known gain transfer method was used 
which implies a ±0.5dB error introduced by the gain of the reference broadband horn 
antenna. The H- and E-plane patterns where measured in three different frequencies within 
the operating band. Simulated and measured results are presented in Fig. 9. In all frequencies 
good agreement has been achieved. 
 
  
 
  
Fig. 7.  Photograph of the fabricated prototype (three PRS layers, assembled antenna and both 
sides of ground plane). 
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(b) 
Fig. 8. Comparison between measurement and simulation for the proposed antenna for: 
(a) 11S  
(b) Realized Gain 
  
5. CONCLUSIONS 
 
A new dual-slot dual-resonant feeding technique for two- and three-layer-PRS FPC 
antennas has been presented achieving a broadband matching performance and an increased 
directivity and gain. A maximum antenna gain of around 18.7dBi and 19dBi has been 
achieved for the two- and three-layer antennas respectively with a -3dB gain bandwidth of 
12.2% for the two-layer and 16% for the three-layer case. Measured results for a fabricated 
prototype of the three-layer antenna have been presented and are in good agreement with 
simulation predictions. 
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14.4GHz H plane
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15.6GHz H plane
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Fig. 9.  Simulated and measured radiation patterns.  
 
 
6.       REFERENCES 
[1] Feresidis, A. P., and Vardaxoglou, J. C.,: ‘High-gain planar antenna using optimized 
partially reflective surfaces’, IEE Proc. Microw. Antennas Propag., Feb. 2001, 148, (6), 
pp. 345-350 
[2] Lee, Y. J., Yeo, J. Mittra, R. and Park, W. S.,: ‘Design of a high-directivity 
electromagnetic bandgap (EBG) resonator antenna using a frequency selective surface 
(FSS) superstrate’, Microwave and Optical Technology Letters, Dec. 2004, 43, (6), pp. 
462-467 
[3] Zhao, T.  Jackson, D. R. Williams, J. T. Yang, Hung-Yu D. and Oliner, A. A.,:  ‘2-D 
Periodic Leaky-Wave Antennas-Part I: Metal Patch Design’, IEEE Trans. Antennas 
Propag., Nov. 2005, 53, (11), pp. 3505-3514 
[4] Jackson D. R. and Alexopoulos, N. G.: ‘Gain enhancement methods for printed circuits 
antennas’, IEEE Trans. Antennas Propag., Sep. 1985, AP-33, (9), pp. 976–987 
[5] Yang H. Y. and Alexopoulos, N. G.,:  ‘Gain enhancement methods for printed circuits 
antennas through multiple substrates’,  IEEE Trans. Antennas Propag., Jul. 1987, 35,  
(7),  pp. 860 -863  
- - - Sim               Meas 
[6] Mateo-Segura, C., Feresidis, A. P., Goussetis, G.,: ‘Bandwidth Enhancement of 2-D 
Leaky-Wave Antennas With Double-Layer Periodic Surfaces’,  IEEE Trans. Antennas 
Propag., Feb. 2014, 62, (2), pp. 586–593 
[7] Al-Tarifi, Μ. Α., Anagnostou, D. E., Amert, A. K., Whites, K. W.,: ‘Bandwidth 
Enhancement of the Resonant Cavity Antenna by Using Two Dielectric Superstrates’, 
IEEE Trans. Antennas Propag., Apr. 2013, 61, (4), pp. 1898–1908 
[8] Konstantinidis, K., Feresidis A. P. and Hall, P. S.,: ‘Multiple layer Fabry-Perot cavity 
antennas’, in Proc. EuCAP, April 2013, Gothenburg, Sweden , pp. 2500–2504 
[9] L. Moustafa and B. Jecko,: ‘EBG structure with wide defect band for broadband cavity 
antenna applications’, IEEE Antenna Wireless Propagat. Lett., vol.7, pp.693-696, Nov. 
2008 
[10] Yuehe, G., Esselle, K.P. and Bird, T.S.: ‘The Use of Simple Thin Partially Reflective 
Surfaces With Positive Reflection Phase Gradients to Design Wideband, Low-Profile 
EBG Resonator Antennas’, IEEE Trans. Antennas Propag., vol. 60, no. 2, pp. 743-750, 
Feb. 2012 
 
 
 
